Introduction
Selenium has been known to be an essential dietary element for animals since the 1950s (Schwarz and Foltz, 1957) . Impacts on cattle health have been associated with deficiency and may include nutritional myodegeneration (white muscle disease); retained placenta; infertility; abortions; birth of premature, weak, or dead calves; cystic ovaries; metritis; delayed conception; erratic, weak, or silent heat periods; poor fertilization rates; diarrhea; decreased immune response; and "ill-thrift" (Maas, 1983; Corah, 1991) . High dietary levels of selenium are toxic and can result in acute or chronic toxicity (Blood et al., 1983; Thompson et al., 1991) . Acute selenium toxicity may result in respiratory distress, diarrhea, and signs of neurologic impairment (Blood et al., 1983) . Chronic selenium toxicity can result in ill thrift and lameness (alkali disease) (Blood et al., 1983) . Another chronic selenium toxicity condition resulting in neurologic impairment (blind staggers) has been reported (Blood et al., 1983) , but others doubt the validity of this diagnosis (O'Toole et al., 1996) . Selenium levels in feeds have been shown to vary by geographic region where they are produced (Osweiler et al., 1976) . Selenium deficiency is typically addressed with injectable products, by supplementation in the diet, or with slow release oral selenium supplements (e.g., boluses).
The purpose of this study was 1 ) to measure the blood selenium concentration (individual and herd average) from a subset of cow-calf herds, 2 ) to characterize the management practices used to prevent selenium deficiency in cow-calf herds, and 3 ) to describe herds with various categories of blood selenium.
Materials and Methods
Producers participating in the National Animal Health Monitoring System's (NAHMS) Cow/calf Health and Productivity Audit (CHAPA) were offered the opportunity to participate in this study if they met eligibility requirements. Operations had to be from one of 18 states with large beef cow populations, 2 had to have at least five cows or heifers at the time of a screening interview in early October 1992, and had to have expected at least 50% of their 1992 calf crop to be born (that was born) in the period of January 1 through June 30. Approximately 70% of the adult beef 1993 , through January 31, 1994 . In order to use the limited laboratory resources more effectively, initially for each herd a maximum of half of the samples was selected randomly and analyzed for selenium content. A minimum of five samples from each herd were tested if five or more were available. If the means of all the samples tested and the lowest individual sample tested were above .08 ppm (considered adequate), then no further samples were analyzed. If the means of all samples tested and the highest individual sample tested were below .08 ppm (considered marginally or severely deficient), then no further samples were analyzed. Otherwise all of the samples submitted were analyzed for selenium content. Selenium in whole blood was determined by gas chromatography ( GC)-electron capture detection using a model 8500 gas chromatograph equipped with an electron capture detector and a model 8300 autosampler (Perkin-Elmer, Norwalk, CT) as described by Ross and Lund (1982) . Twenty to 35 samples with standards and external controls were processed in individual batches. Preparation was by the magnesium nitrate digestion procedure with aldrin added to the GC injection solution as an internal standard (McCarthy et al., 1981) . All chromatographic output was collected automatically using a model 1020 personal integrator with specialized software (PerkinElmer-Nelson 1020 software, version 2.10, PerkinElmer). Data processing software (Perkin-Elmer) calculated concentrations based on peak height compared with a standard curve generated from standards prepared with each batch. Repeat determinations were conducted for those with external control values beyond acceptable ranges. A bovine blood pool (acceptable range .09 to .13 ppm) and bovine liver (reference material 1577b, National Institute of Standards and Technology, Gaithersburg, MD) (acceptable range .67 to .79 ppm) were used as external standards.
At the time of blood sample collections, producers were asked whether selenium had been supplemented to the cows or heifers in the previous 12 months and, if so, how it was provided. No attempt was made to verify consumption or supplementation levels.
Blood selenium levels from individual cattle were classified as severely deficient, marginally deficient, adequate, and high adequate according to the values in Table 1 . The mean blood selenium content for cattle on each operation was used to classify the farm according to the same criteria used for individual 
Results and Discussion
From September 1, 1993, through January 31, 1994, 2,216 whole blood samples were collected from cows and heifers on 253 operations. All samples submitted were analyzed from 26 operations. The mean number of samples tested per farm was 8.8. Fewer than five samples were available for testing from 11 farms. Operations size ranged from 0 cows (heifers only) to over 10,000 cows. The mean number of cows on the operations sampled was 489 and the median number of cows was 94.5. Operations were distributed across the 18 states as shown in Figure 1 . In addition to summaries of the overall data, summaries are provided by region and herd size. The regional summaries should not be considered broadly representative of states where no samples were collected. Likewise, these results reflect findings among cows and heifers on cow-calf operations and do not necessarily apply to stocker, feedlot, or dairy operations.
Overall, 7.8% of the samples were classified severely deficient for selenium and another 10.4% were marginally deficient (Table 2) . A much higher percentage of the samples collected in the southeast region than from other regions of the country were severely deficient or marginally deficient. Considering the mean selenium content calculated from all of the individual blood samples tested on a particular operation, 4.7% of the operations were in the severely deficient range and 9.1% were in the marginally deficient range (Table 3) . A higher percentage of the operations from the southeast were considered severely deficient or marginally deficient than from other areas tested.
The individual animal selenium values for an operation were not homogeneous. Most operations (85.0%) had no cattle that were considered to be severely deficient for selenium (Table 4) . Only on 2.0% of operations sampled were all of the cattle tested severely deficient. There were dramatic differences in the percentage of cattle tested that were severely deficient by geographic region. Operations in the southeast were more likely (6.0% of operations) to have all of the cattle tested on an operation in the severely deficient range. Only 62.7% of the operations in the southeast had no animals in the severely deficient range, compared to 89.7% and 94.6% in the west and central regions, respectively. Similar trends were evident for marginal deficiency levels. The lack of homogeneity in blood levels among animals from the same operation, presumably under similar management and with access to similar feeds, could be due to differences in individual animal efficiencies in handling trace minerals consumed, due to differences in consumption patterns of supplements containing selenium, or due to animals from different groups (management group, pasture or feeding group, etc.) being tested.
Mean values for blood selenium content for an operation are affected by individual values. The degree of variation in individual cattle blood selenium values, especially if there is a tendency for the outlier individual values to be in one direction or the other from the operation mean value, will affect how closely individual values mirror the mean operation value. In most cases (80.01% of individual samples) the individual blood sample classification (severely deficient, marginally deficient, adequate, high adequate) and the classification for the operation were the same (Table 5 ). There was some variation in the agreement by geographic region, and samples from the southeast were less likely to agree (70.05%) than those from west (86.88%) or central (81.68%) regions. In all regions it was more common to classify the farm at least one level higher (higher selenium content) than the individual status than to classify the farm one or more levels below the individual status. If the pooled sample will be in error it will more likely overestimate the individual status than underestimate the status. Overall, 251 operators out of 253 provided information on selenium supplementation in their herds. Only 123 (49.0%) of the 251 operations reported selenium supplementation of cattle. Most of these (120, 97.6%) used a mineral supplement with additional selenium. Only five (4.1%) operations gave selenium injections and only five (4.1%) operations added selenium to the cattle's diets. Some operations used more than one method of supplementation. Frequency of selenium supplementation varied by region (Table 6 ). Selenium supplementation was much more common in the central and southeastern regions than in the west. The percentage of individual cattle that were classified severely deficient was less for operations that supplemented selenium than for operations that did not supplement with selenium across all regions (Table 7) . However, over 16% of individual cattle blood samples from the southeast were considered severely deficient in spite of the operator supplementing some selenium to the cattle in the herd. Similar trends are apparent for farm level status with regard to selenium levels (Table 8) . From these data it seems that selenium supplementation is not uniformly successful in maintaining or achieving adequate blood selenium concentrations among all animals in the supplemented groups. No information is available from this study on level of consumption of supplements. Perhaps the degree of supplementation in some herds is not being evaluated based on monitoring of blood selenium values of individuals in the herd.
Implications
Blood selenium levels of cows and heifers varies with geographic region and selenium supplementation of the herd. Supplementation of cattle herds does not ensure that all cattle will have adequate blood selenium concentrations. Mean blood selenium for a herd agrees favorably with the individual selenium values of cattle in the herd.
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